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The Fermi Large Area Telescope (LAT) has been routinely gathering science data since August 2008, surveying 
the full sky every three hours. The first Fermi-LAT catalog of sources detected above 10 GeV (1FHL) relied on 
three years of data to characterize the >10 GeV sky. The improved acceptance and point-spread function of the 
new Pass 8 event reconstruction and classification together with six years of observations now available allow 
the detection and characterization of sources directly above 50 GeV. This closes the gap between ground-based 
Cherenkov telescopes, which have excellent sensitivity but small fields of view and short duty cycles, and all-sky 
observations at GeV energies from orbit. In this contribution we present the second catalog of hard Fermi-LAT 
sources detected at >50 GeV. 


1. Introduction 

The Large Area Telescope (LAT) on board the 
Fermi satellite has been efficiently surveying the GeV 
sky detecting over 3000 sources in just four years of 
exposure (see the 3FGL catalog, [l|). These sources 
are detected in the 0.1-300 GeV band and given 
Fermi' 1 s peak sensitivity at ^1 GeV are representative 
of the GeV sky. On the other hand, Cherenkov tele¬ 
scopes, with their good angular resolution and excel¬ 
lent point-source sensitivity have been exploring, due 
to their limited field of views, small patches of the 
> 50 GeV sky 1 . In the effort to fill the gap, the LAT- 
collaboration released a catalog of sources detected, 
in 3 years, at > 10 GeV (so called 1FHL catalog, i)- 

Recently a new event reconstruction and character¬ 
ization analysis (known as Pass 8, i) has been de¬ 
veloped by the Fermi- LAT collaboration. Pass 8 sig¬ 
nificantly improves the background rejection, point- 
spread function (PSF), effective area of the LAT and 
helps understanding its systematic uncertainties. All 
these impressive improvements lead to a significant in¬ 
crease of the LAT sensitivity (Atwood et ah, 2013a,b). 
Furthermore, these improvements are specially signif¬ 
icant at E > 50 GeV with an increase in the accep¬ 
tance of > 25 % and an improvement in the PSF by a 
factor between 20 % at 50 GeV and 50 % at 500 GeV. 
At these high energies, because of the almost lack of 
background, the sensitivity of Fermi- LAT improves 
almost linearly with time as it should in a photon- 
limited regime (as opposed to a background-limited 
regime where the sensitivity improves with the square 
root of exposure time). 


VERITAS, H.E.S.S and MAGIC have successfully lowered, 
in recent years, their low energy threshold and have started 
exploring the sub-100 GeV band. 


Taking advantage of the improvements delivered by 
Pass 8, we are preparing an all-sky catalog of sources 
detected at E > 50 GeV in ^6 years of data. These 
sources will constitute the second catalog of hard 
Fermi- LAT sources (2FHL). This proceeding shows 
that the 2FHL catalog provides a view of the high- 
energy sky that is complementary to that of the 3FGL 
catalog and has the potential to allow for unprece¬ 
dented broad band studies of the SED of old and 
newly discovered sources and to increase the efficiency 
of the searches of current Cherenkov telescopes. 


2. The 2FHL Catalog 

In about 6 years of exposure, Ferrm-LAT has de¬ 
tected approximately 55000 photons (belonging to the 
P8 source class) all-sky at >50 GeV. The preliminary 
all-sky map in Fig. [l] shows that Fermi- LAT observes 
large scale diffuse emission in the direction of our 
Galaxy and coincident with the so-called Fermi bub¬ 
bles [4, 5] as well as many point-like sources. 

The analysis to detect sources is performed simi¬ 
larly to the other Ferrm-LAT catalogs. The first step 
comprises the detection of source candidates (so called 
seeds) as fluctuations above the background. The sky 
is then divided into region of interests (ROIs), for 
which a sky model is built including all point sources 
in the ROI and also the Galactic and isotropic dif¬ 
fuse models [6]. This model is fitted to the data via 
a standard maximum-likelihood unbinned algorithm. 
The fit is typically repeated twice and in between the 
two fits the source position is optimized using stan¬ 
dard Fermi tools 2 . 


2 In this case gtfindsrc was used, see 
http://fermi. gsfc.nasa.gov/ssc/data/analysis/software 
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Figure 1: Adaptively smoothed count map, in Galactic coordinates, at >50 GeV. 


Once a best fit has been found for a given ROI, the 
spectra of all sources are generated in three logarith¬ 
mic energy bins from 50 GeV to 2 TeV. 

The 2FHL catalog comprises (preliminarily) ^350 
sources detected and characterized exclusively at 
>50 GeV. For comparison, ^145 are the known Very 
High-energy (VHE) sources reported in the TeVCat 3 . 
The 2FHL thus represents a leap forward for the study 
and characterization of the VHE sky. It is interesting 
to note that 2FHL sources are selected on the basis of 
their average flux and thus the 2FHL catalog may be 
considered an unbiased census of the VHE sky. A pre¬ 
liminary association shows that ^70 2FHL sources are 
detected in TeVCat as well and that the 2FHL com¬ 
prises ^100 sources that were not detected in either 
the 1FHL or TeVCat. 

Of all sources detected in the 2FHL, blazars (or 
blazar-like objects) represent ^75 %, while unassoci¬ 
ated sources and Galactic sources make up the rest. 

2.1. Angular and Position Resolution 

Pass 8 improves the PSF of the LAT at all energies. 
Above 50 GeV the PSF has a 68 % containment radius 
of-0.1° and remains constant with energy. Such PSF, 
not dissimilar from the one of Cherenkov telescopes, 
allows Ferrm-LAT to localize sources with an average 
precision of 4' at 95 % confidence. Fig. [2] shows that 
Ferrm-LAT can easily separate nearby sources like it 
is the case for NGC 1275 and IC 310. However, such 
resolution is most useful in the plane of the Galaxy, 


3 http: / /1 e vcat. uchicago. edu 



Figure 2: Adaptively smoothed count map of the region 
around NGC 1275 and IC 310 separated by roughly 
0.6 deg. 


where it helps to solve crowded regions and resolve 
extended sources. 

2.2. Spectra 

The 2FHL catalog will report, for every source, 
3 energy-bin spectra in the energy range 50 GeV - 
2 TeV. An example is reported, for Mrk 421, in Fig. [3] 
High synchrotron peaked (HSP) blazars, like Mkn 421, 
are detected by Ferrm-LAT, typically, as power-law 
sources with a photon index of ~1.8 (when integrated 
over the full energy range as in the 3FGL). It is clear 
that above 50 GeV (e.g. the 2FHL) Ferrm-LAT sam¬ 
ples already the descending part of the high-energy 
peak of the spectral energy distribution (SED) of such 
sources and that the data from the 3FGL, 1FHL and 
2FHL catalogs allow us to characterize the emission at 
the peak of such sources rather well. While Mkn 421 
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Figure 3: Preliminary spectrum of Mkn 421 in 2FHL 
together with data from 1FHL and 3FGL. The three 
catalogs rely on different exposure times. 



Figure 4: Distribution of the power-law photon indices 
for 134 BL Lacs detected in the 3FGL, 1FHL and 2FHL 
catalogs. Note the softening of the photon index when 
moving from lower energies (3FGL) to higher energies 
(1FHL and 2FHL). 

represents probably the best example, Fig. 0 ] shows 
that such conclusion holds, on statistical grounds, for 
most BL Lacs detected by Ferrm-LAT. 

The 2FHL catalog comprises BL Lacs detected 
up to redshift ^1.5. The improved reconstruction 
and increased acceptance allow Ferrm-LAT to de¬ 
tect photons up to ~2TeV (see e.g. Fig. [3j). Both 
these aspects enable studies of the extragalactic back¬ 
ground light (EBL) which can absorb high-energy 
photons emitted from sources at cosmological dis¬ 
tances (EBL, 0a0). BL Lacs with substantial high- 
energy emission at e.g. >100 GeV are excellent probes 
of the EBL and have already been used with success to 
constrain the 7 -ray opacity of the Universe 000 . 
We expect that the 2FHL, thanks to improved accep¬ 
tance of high-energy photons yielded by Pass 8 , will 
enable accurate studies of the EBL. 


3. Conclusions and Outlook 

The 2FHL catalog of Ferrm-LAT sources detected 
at >50 GeV represents an unbiased census of the VHE 
sky. This work probes larger energies than any previ¬ 
ous Ferrm-LAT catalogs thanks to the improved Pass 
8 dataset. The view of the 7 -ray sky delivered by 
the 2FHL is complementary and different than that 
of the (e.g.) 3FGL catalog. Indeed, we find that most 
extragalactic sources are softer in the 2FHL than in 
the 3FGL, implying a peak of their spectral energy 
distribution somewhere in the Fermi band. 

The 2FHL catalog will comprise sources detected on 
the basis on their average flux. Since 75 % of the de¬ 
tected sources are blazars, the 2FHL will yield impor¬ 
tant information for the generation of the high-energy 
part of the 7 -ray background 00 . It will also al¬ 
low a first estimate of the source count distribution 
of VHE sources acting as a pathfinder for the surveys 
performed by the upcoming Cherenkov Telescope Ar¬ 
ray p~5j | . 

Finally, the good angular resolution achieved, 
thanks to Pass 8 , by Ferrm-LAT at >50 GeV will 
allow unprecedented studies of the Galaxy allowing 
to resolve crowded regions as well as new extended 
sources. We envision that this aspect of 2FHL will act 
as a lower energy counterpart of the H.E.S.S. Galac¬ 
tic plane survey [16] and the survey carried out by 
HAWC 0. 


Acknowledgments 

The Fermi LAT Collaboration acknowledges gen¬ 
erous ongoing support from a number of agencies 
and institutes that have supported both the develop¬ 
ment and the operation of the LAT as well as scien¬ 
tific data analysis. These include the National Aero¬ 
nautics and Space Administration and the Depart¬ 
ment of Energy in the United States, the Commis¬ 
sariat LEnergie Atomique and the Centre National 
de la Recherche Scientifique / Inst it ut National de 
Physique Nuclaire et de Physique des Particules in 
France, the Agenzia Spaziale Italiana and the Isti- 
tuto Nazionale di Fisica Nucleare in Italy, the Ministry 
of Education, Culture, Sports, Science and Technol¬ 
ogy (MEXT), High Energy Accelerator Research Or¬ 
ganization (KEK) and Japan Aerospace Exploration 
Agency (JAXA) in Japan, and the K. A. Wallen¬ 
berg Foundation, the Swedish Research Council and 
the Swedish National Space Board in Sweden. Addi¬ 
tional support for science analysis during the opera¬ 
tions phase is gratefully acknowledged from the Isti- 
tuto Nazionale di Astrofisica in Italy and the Centre 
National d’Etudes Spatiales in France. 


eConf C141020.1 




































4 


5th Fermi Symposium : Nagoya, Japan : 20-24 Oct, 2014 


References 

[1] The Fermi-LAT Collaboration. Fermi Large 
Area Telescope Third Source Catalog. 
ArXiv:1501.02003, January 2015. 

[2] M. Ackermann, M. Ajello, A. Allafort, W. B. At¬ 
wood, L. Baldini, et ah, The First Fermi-LAT 
Catalog of Sources above 10 GeV. ApJS, 209:34, 
December 2013. 

[3] W. B. Atwood, L. Baldini, J. Bregeon, P. Bruel, 
A. Chekhtman, et ah, New Fermi-LAT Event Re¬ 
construction Reveals More High-energy Gamma 
Rays from Gamma-Ray Bursts. ApJ , 774:76, 
September 2013. 

[4] M. Su, T. R. Slatyer, and D. P. Finkbeiner. Gi¬ 
ant Gamma-ray Bubbles from Fermi-LAT: Ac¬ 
tive Galactic Nucleus Activity or Bipolar Galactic 
Wind? ApJ, 724:1044-1082, December 2010. 

[5] M. Ackermann, A. Albert, W. B. Atwood, L. Bal¬ 
dini, J. Ballet, et ah, The Spectrum and Morphol¬ 
ogy of the Fermi Bubbles. ApJ, 793:64, Septem¬ 
ber 2014. 

[6] J.-M. Casandjian. The Fermi-LAT model of in¬ 
terstellar emission for standard point source anal¬ 
ysis. ArXiv:1502.07210, February 2015. 

[7] R. J. Gould and G. Schreder. Opacity of the Uni¬ 
verse to High-Energy Photons. PRL, 16:252-254, 
February 1966. 

[8] G. G. Fazio and F. W. Stecker. Predicted High 
Energy Break in the Isotropic Gamma Ray Spec¬ 
trum: a Test of Cosmological Origin. Nature, 
226:135-136, April 1970. 

[9] F. W. Stecker, O. C. de Jager, and M. H. Sala- 
mon. TeV gamma rays from 3C 279 - A possible 
probe of origin and intergalactic infrared radia¬ 
tion fields. ApJL, 390:L49-L52, May 1992. 


[10] M. Ackermann, M. Ajello, A. Allafort, P. Schady, 
L. Baldini, et ah, The imprint of the extragalac- 
tic background light in the gamma-ray spectra of 
blazars. Science, 338:1190-1192, November 2012. 

[11] A. Abramowski, F. Acero, F. Aharonian, A. G. 
Akhperjanian, G. Anton, et ah, Measurement 
of the extragalactic background light imprint on 
the spectra of the brightest blazars observed with 
H.E.S.S. ArXiv:1212.3409, December 2012. 

[12] A. Dominguez, J. D. Finke, F. Prada, J. R. Pri- 
mack, F. S. Kitaura, B. Siana, and D. Paneque. 
Detection of the Cosmic y-Ray Horizon from 
Multiwavelength Observations of Blazars. ApJ, 
770:77, June 2013. 

[13] M. Ackermann, M. Ajello, A. Albert, W. B. At¬ 
wood, L. Baldini, et ah, The spectrum of isotropic 
diffuse gamma-ray emission between 100 MeV 
and 820 GeV. arXiv:1410.3696, October 2014. 

[14] M. Ajello, D. Gasparrini, M. Sanchez-Conde, 
G. Zaharijas, M. Gustafsson, et ah, The Ori¬ 
gin of the Extragalactic Gamma-Ray Background 
and Implications for Dark Matter Annihilation. 
ApJL, 800:L27, February 2015. 

[15] G. Dubus, J. L. Contreras, S. Funk, Y. Gallant, 
T. Hassan, et ah, Surveys with the Cherenkov 
Telescope Array. Astroparticle Physics, 43:317- 
330, March 2013. 

[16] S. Carrigan, F. Brun, R. C. G. Chaves, C. Deil, 
A. Donath, et ah, and for the H. E. S. S. col¬ 
laboration. The H.E.S.S. Galactic Plane Survey 
- maps, source catalog and source population. 
ArXiv:1307.4690, July 2013. 

[17] S. Westerhoff. HAWC: A next-generation all¬ 
sky gamma-ray telescope. Advances in Space Re¬ 
search, 53:1492-1498, May 2014. 


eConf C141020.1 



